We tested a single-step serological assay against Coxiella burnetii and Bartonella species and found a sensitivity of 100%, and a positive predictive value of 98% for the diagnosis of blood culture-negative endocarditis (BCNE). This assay should be considered as a possible commercial test for the diagnosis of BCNE.
Infective endocarditis is a serious, life-threatening disease with highly variable clinical signs that make the condition a diagnostic challenge. A diagnosis is readily made if blood cultures are positive, but in 2.5 to 31% of all infective endocarditis cases, routine blood cultures are negative (1, 2, 8) . In such situations, alternative diagnostic approaches are necessary, especially serology. There is only one recent report of a study that analyzed 63 cases of blood culture-negative endocarditis (BCNE) including the new etiologic agents (Coxiella burnetii and Bartonella sp.) and a modification of the Duke criteria (10) . Nearly one-quarter of the 63 cases of BCNE described were caused by these agents (10) . These bacteria represent the most common etiological agents of BCNE, with about 400 cases of C. burnetii endocarditis and more than 100 cases of Bartonella endocarditis reported to date (2) . These serologic tests are included as diagnostic parameters for infective endocarditis in the modified Duke criteria (5, 11) . An immunoglobulin G (IgG) titer of 1:1,600 against the phase I antigen of C. burnetii is required for the diagnosis of Q fever endocarditis (16) , whereas a titer of Ն1:800 for IgG antibodies to either Bartonella henselae or B. quintana is used for the diagnosis of endocarditis due to Bartonella sp. (13) . In this study, we assessed the ability of a one-step serological assay using a single serum dilution to diagnose BCNE due to either C. burnetii or Bartonella species.
Sera from 50 patients with BCNE due to either Bartonella spp. (15 patients with B. quintana and 5 with B. henselae endocarditis) or C. burnetii (30 patients) were used in this study. Bartonella or C. burnetii endocarditis was diagnosed by positive cell culture or by PCR amplification of DNA of the organisms from valve samples (6, 14) . Control patients included 40 apparently healthy blood donors, 99 patients with blood culturepositive endocarditis caused by various bacteria (Table 1) , 15 patients with cat scratch disease (17), 15 patients with acute Q fever (15) , and 25 patients with a serological diagnosis of a bacterial or viral disease, i.e., 5 patients with cytomegalovirus infection, 5 patients with Epstein-Barr virus infection, 5 patients with hepatitis B, 5 patients with herpes simplex virus infection, and 5 patients with human immunodeficiency viruspositive serology (12) . Sera were numbered from 1 to 244 before testing, which was performed blind by a technician. The presence of rheumatoid factor was determined with a latex agglutination assay (Rapitex, RF; Dade Behring) as recommended by the manufacturer. Antigens used for the serologic assay were prepared as previously described for B. henselae Houston-1 (3, 13) or for the C. burnetii phase I Nine Mile strain (7, 16) . To avoid false-negative results because sera had not been added to slide wells, we also used a positive control of Staphylococcus aureus (ATCC 29213) antigen, the protein A of which is reactive with the Fc fraction of human immunoglobulins (4). The three different antigens were spotted by pen point (about 2 l) onto each well of 20-spot slides (Dynex; Cell-Line Associates Inc., New Field, N.J.), fixed in acetone for 20 min, and used for detection of IgG antibodies by immunofluorescence assay as previously described (13, 16) .
The etiologies of the 99 blood culture-positive endocarditis cases are presented in Table 1 . The sera of 11 of these 99 patients contained rheumatoid factor, as determined by latex agglutination. As a result of preliminary studies, we only used the phase I antigen of C. burnetii in our testing and only measured IgG against C. burnetii and Bartonella sp. to avoid false positives due to rheumatoid factor (false-positive IgM when specific IgG antibodies are present). All of the 244 serum samples tested were positive at a cutoff titer of 1:800 against S. aureus, demonstrating that serum had been added to each slide well. The sensitivity, specificity, positive predictive value, and negative predictive value for the different cutoffs used are presented in Fig. 1 . At the different cutoff titers used (1:400, 1:800, and 1:1,600), all of the sera from blood donors, cat scratch disease patients, and patients seropositive for bacterial or viral diseases not related to Bartonella or Coxiella species were negative. We found that the sensitivity was 100% and the specificity was 99.5% at a cutoff titer of 1:800 for the detection of Bartonella and C. burnetii IgG antibodies in patients with endocarditis. At this cutoff titer, the only false positive was a patient suffering from acute Q fever with no evidence of endocarditis. All of the 99 patients suffering from endocarditis due to bacteria other than Bartonella sp. and C. burnetii were negative. At a cutoff titer of 1:400, the specificity was lower (93.8%), with 12 false positives (eight patients with acute Q fever and four with blood culture-positive endocarditis). Con-versely, at a cutoff titer of 1:1,600, the sensitivity was 82%, with nine false negatives (nine patients with endocarditis due to Bartonella sp.). Since high titers of antibodies against either C. burnetii or Bartonella sp. can discriminate between patients with endocarditis and those with acute or benign clinical manifestations of infection, our assay enabled us to avoid the problem of interpretation of the results when antibody titers are low (12, 15) . Determination of IgG levels was more reproducible than determination of total immunoglobulin levels, which can contain rheumatoid factor and lead to false-positive results. For each assay, addition of S. aureus antigen to our test wells enabled us to be sure that sera had been added to the wells in the test. With a cutoff titer of 1:800, we found no cross-reac-tions between C. burnetii and Bartonella antigens as previously reported (9) . We only found one false positive in a patient with acute Q fever but no evidence of endocarditis. This result is in accordance with the fact that some patients with acute Q fever may have antibodies to phase I antigen greater than or equal to 1:800 (15) .
Our assay is adapted to detect specific clinical entities and can be used in all patients suffering from endocarditis and should be considered in the future as a possible commercial test for the diagnosis of BCNE due to Bartonella spp. or C. burnetii.
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